Newborn (within 24 h after birth), 1-week-old and 6-week-old (adult) rats were inoculated with a Hantaan-related virus (B-l) and attempts were made to isolate the virus from various organs. Virus-specific antigens were detected in various organs of newborn rats. Moreover virus could be isolated from almost all their organs even 25 weeks after infection. In contrast, in rats infected at 6 weeks of age the virus could be isolated from various organs but its concentration decreased progressively with time. The levels of haemagglutination-inhibiting (HI) and neutralizing antibodies to B-1 Virus in the sera were measured. In adult rats, HI antibodies were first detected 2 weeks after infection and their titre rose to a maximum after 5 weeks. On the other hand, in newborn rats the levels of antibodies remained low until 5 or 6 weeks after infection and started to increase to a high level more than 9 weeks after infection. Furthermore, in rats infected soon after birth IgM antibodies predominated for a long time and these antibodies also neutralized infectivity at a high level. These data suggest that the induction of a high titre of neutralizing antibodies mainly of the IgM type does not result in virus clearance in newborn rats and that cellular immunity may be important for virus clearance in vivo.
SUMMARY
Newborn (within 24 h after birth), 1-week-old and 6-week-old (adult) rats were inoculated with a Hantaan-related virus (B-l) and attempts were made to isolate the virus from various organs. Virus-specific antigens were detected in various organs of newborn rats. Moreover virus could be isolated from almost all their organs even 25 weeks after infection. In contrast, in rats infected at 6 weeks of age the virus could be isolated from various organs but its concentration decreased progressively with time. The levels of haemagglutination-inhibiting (HI) and neutralizing antibodies to B-1 Virus in the sera were measured. In adult rats, HI antibodies were first detected 2 weeks after infection and their titre rose to a maximum after 5 weeks. On the other hand, in newborn rats the levels of antibodies remained low until 5 or 6 weeks after infection and started to increase to a high level more than 9 weeks after infection. Furthermore, in rats infected soon after birth IgM antibodies predominated for a long time and these antibodies also neutralized infectivity at a high level. These data suggest that the induction of a high titre of neutralizing antibodies mainly of the IgM type does not result in virus clearance in newborn rats and that cellular immunity may be important for virus clearance in vivo.
Haemorrhagic fever with renal syndrome (HFRS) is a widespread disease throughout the world infecting animals as well as humans (Smadel, 1952 , Gajdusek, 1962 L/ihdevirta, 1971; . The aetiological agent of Korean haemorrhagic fever was isolated from a wild rodent in 1976 in Korea and named Hantaan virus (HV) (Lee et al., 1978) . Since then, many viruses that are antigenically related to HV have been isolated from various rodents Kitamura et al., 1983; Song et al., 1983; Yamanishi et al., 1983; Niklasson & LeDuc, 1984; Yanagihara et al., 1984) . In almost all cases when rodents were infected experimentally with the virus, they showed an antibody response without any clinical signs of illness, suggesting that subclinical infection had occurred and that virus infection persisted for a long time (Lee et al., 1981 ; Yanagihara et al., 1985a, b) . However, when newborn rodents were infected with these viruses, they showed various clinical and pathological symptoms and sometimes died Yamanouchi et al., 1984) . In this work we studied the pathogenesis of HV-related virus infection in newborn and adult rats in an attempt to identify the factors causing age-dependent resistance.
Vero E6 cells were obtained from the ATCC and cultured in growth medium consisting of a mixture of Medium 199 and Eagle's MEM (1 : 1) supplemented with 10~ foetal calf serum. Cells were maintained in the same medium but with 3~ foetal calf serum. A HV-related virus (B-l) was isolated from a laboratory rat in Vero E6 cells as reported previously (Yamanishi et al., 1983) . The virus was passaged further in Vero E6 cells and prepared for the experiments. Pregnant Fischer rats (F344/N) were obtained from Shizuoka Laboratory Animal Center. Antibodies to B-1 virus antigen were not found in the sera of rats by immunofluorescence (IF) tests before use. B-1 virus (titre: 1 × 104 focus forming unit/ml) was inoculated intraperitoneally (i.p.) into newborn (five litters, total 40), 1-week-old (two litters, total 16) or 6-week-old (two litters, total 16) rats. All animal experiments were carried out in animal rooms with P3-1evel facilities in our Institute (Osaka). Animals were sacrificed and organs including the brain, lung, heart, spleen, kidney, liver, submandibular gland and bladder were removed, cut into pieces of approximately 1 mm 3, inoculated onto monolayers of Vero cells seeded in 60 mm plastic plates, and kept for 1 day at 37 °C for adsorption of virus. The medium was changed every 3 days after adsorption for a period of 10 days, after which the cells were passaged. At the time of passage, aliquots of cell suspension were seeded on glass slides, cultured overnight, fixed and stained by the IF technique with monoclonal antibodies as described previously Yamanishi et al., 1984) . The procedures for detection of viral antigen in rats have been described previously .
B-1 virus was inoculated i.p. into a total of nine litters (each litter containing eight rats) at less than 24 h, 1 week or 6 weeks after birth and attempts were made to isolate the virus from their organs. The results are shown in Table 1 . When newborn rats (within 24 h after birth) were infected with B-1 virus, some of them died about 30 days later and the mortality was about 50~ (data not shown) as reported previously . Surviving rats were sacrificed weekly for virus isolation and antibody tests. Virus was consistently isolated from almost all organs of these rats up to 25 weeks after infection. When rats of 1 or 6 weeks of age were infected, virus could also be isolated consistently from their organs, but in smaller amounts. These data suggest that B-1 virus persisted in various organs (especially the brain, lung and spleen) even of adult rats. However, persistence was greatest in newborn rats and gradually decreased with age. Rats were infected within 24 h after birth and sacrificed for detection of virus-specific antigens in various organs. Even 25 weeks after infection viral antigens were detected in various organs (brain, lung, kidney, spleen) by the IF test using a human convalescent serum (data not shown). The localization of antigens in organs was almost the same as described previously .
Sera from two or three of the rats were assayed for haemagglutination-inhibiting (HI) and neutralizing (NT) antibodies after sacrifice at various times after infection. The preparation of the haemagglutination (HA) antigen and procedures for HI tests have been described previously (Okuno et al., 1986) . Sera were treated with 2-mercaptoethanol (2-ME) for determination of IgM, as described elsewhere (Okuno et al., 1982) .
The titres obtained are summarized in Table 2 . HI antibody could be detected 2 weeks after infection in rats infected at 0 and 6 weeks of age, when the test was carried out without 2-ME. The antibody titre increased to a maximum 5 weeks after infection in rats infected at 6 weeks of age. When newborn or 1-week-old rats were infected, the antibody titre remained low for 5 or 6 weeks and then increased 25 weeks after infection in rats infected at less than 24 h after birth, and 9 weeks after infection in rats infected 1 week after birth. The antibody test was then carried out with 2-ME. In rats infected less than 24 h after birth, the HI antibody became detectable 6 weeks after infection and remained at a low titre even 25 weeks after infection. Rats infected at 6 weeks of age produced 2-ME-resistant antibodies earlier and at higher levels than rats infected less than 24 h after birth.
Serum samples were obtained from three groups of rats : group 1, rats infected within 24 h after birth and bled 25 weeks later; group 2, rats infected at 1 week of age and bled 9 weeks later; group 3, rats infected at 6 weeks of age and bled 7 weeks later. These sera were centrifuged on sucrose gradients to separate IgG from IgM as follows. One-tenth ml of each serum sample was diluted with 0.4 ml of phosphate-buffered saline (pH 7.4), layered on a 10.5 ml linear gradient of 10 to 40~ (w/w) sucrose and centrifuged at 30000 r.p.m, for 18 h at 4 °C in a Beckman SW41 rotor. Then, 0.5 ml fractions were collected dropwise from the bottom of the tube and their HI antibody titres were determined (Fig. 1) . Two peaks were obtained with sera of groups 1 and 2 at fraction numbers 12 and 18, but only one peak in the lighter position was obtained with sera of Serum from a rat infected 1 week after birth and bled 9 weeks after infection. (c) Serum from a rat infected 6 weeks after birth and bled 6 weeks after infection. O, Titres without 2-ME; O, titres with 2-ME. Arrows indicate the bottoms of the gradients.
Short communication Virus isolation from various organs of rats infected with the B-1 strain
group 3. These results suggest that antibody at a late period (9 or 25 weeks after infection) produced in rats inoculated within 24 h or 1 week after birth was mainly IgM, whereas in adult rats IgG was induced quickly. These sera were examined by the NT and focus formation inhibition (FFI) tests. For the NT test, serial dilutions of sera (0.1 ml) were mixed with 0.1 ml volumes of stock virus (about 100 f.f.u, per 0.1 ml) and kept at 37 °C for 1 h. Aliquots of 100 pl of this mixture were inoculated onto Vero E6 cells grown in 24-well plastic plates and incubated for 1 h at 37 °C. Then the inocula were removed and the cells were washed and overlaid with medium containing methylcellulose as described previously . For the FFI test, Vero E6 cells in 24-well plastic plates were infected with B-1 virus at 50 to 70 f.f.u./well. Serial dilutions of sera (0.1 ml) were inoculated into the wells 1 day after infection, and cells were cultured for 5 days. Then cultures were fixed with a mixture of cold acetone and methanol (1 : 1), and stained by the peroxidase-antiperoxidase technique as described previously . Antibody titres are shown as reciprocals of the dilution of antibody causing 90~o reduction in focus formation. The antibody titres in groups 1 to 3 were found to be 1:6400, 1:6400 and 1:800, respectively. In FFI tests, the antibody titres in these sera were 1:800, 1:1600 and 1:800, respectively. Thus the antibody titres of NT and FFI in sera from rats infected at 6 weeks were the same, but the antibody titres of newborn or 1-week-old rats were lower by the FFI test than by the NT test.
Hantaan-related viruses have been reported to cause haemorrhagic fever with renal syndrome (HFRS) in humans. Rodents show persistent infection without any clinical manifestations and secrete infectious virus for prolonged periods (Lee et al., 1981 ; Yanagihara et al., 1985a) . When newborn rodents are infected with this virus, infection is sometimes fatal Yamanouchi et al., 1984) . But animals that survive have an extremely high antibody level (Table  2) , and remain infected with virus (Table 1 and Nagai et al., 1985) . On the other hand, when adult rats were infected with the virus, they showed no clinical symptoms and the virus could be isolated from various organs for only a relatively short time (Table 1) . T cell function has been reported to be important for protection against and clearance of virus (Nakamura et al., 1985a, b) . Comparison of the kinetics of antibody induction in newborn and adult rats infected with HFRS-related viruses showed that the antibody titre rose faster in the latter (Table 2) . Since newborn animals have low T cell activity (Cantor & Boyse, 1975; Haaijman et al., 1981) , the immaturity of their T cell functions may result in only a low level of humoral antibodies which is insufficient for clearance of the virus. Penttinen et al. (1981) observed a marked increase in IgM class immunoglobulin in patients with nephropathia epidemica. However, in patients the antibody which reacted specifically with viral antigen belonged to the IgG class (Brummer-Korvenkontio et al., 1980) . In the work described in this paper, we also detected an increase of IgM in rats, and these antibodies reacted specifically with virus antigen. The immunoglobulin was mainly IgM in rats infected at 0 or 1 week after birth and did not change completely to IgG within at least 25 weeks (Table 2 and Fig.  1) . Similarly babies infected with rubella in the uterus secrete virus for a long time after birth, and IgM can also be detected in their plasma for a prolonged period after birth (Alford, 1965) . Furthermore, IgM antibodies reacting with viral antigens were detected in the sera of patients chronically infected by Epstein-Barr virus (Tobi et al., 1982) . Since T cell functions are immature in newborn animals and also in humans as described above, the virus may be able to replicate persistently in vivo. Therefore, the resulting prolonged exposure to antigen must stimulate the immune system, induce IgM antibodies and subsequently high titres of antibodies. When B-1 virus was inoculated into newborn rats, it could subsequently be isolated from macrophages consistently as reported previously (Nagai et al., 1985) . What causes the switch from IgM to IgG is unknown, but the switch may be inhibited by viral infection of macrophages.
Measurements of the antibody titres by NT and FFI tests showed that the NT titre of sera was higher, whereas the FFI antibody titre was lower in newborn animals than in adults. This result suggests that antibodies of the IgG class in adult rats are effective in preventing the spread of virus from infected cells to neighbouring cells.
